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附结构，且在约 1.2 V 宽的电位区间内稳定地存在 Pt(100)表面，由此搭建了 OMI+
在 Pt(100)表面的吸附结构模型。（2）有序结构会一直保持到电位到达 0.6 V，此
电位可视为表面阴阳离子吸附交换的临界电位。说明 OMI+与 Pt 表面具有较强的
化学相互作用，电极电位足够正所产生的较强静电排斥力才能克服该化学作用，
从而导致 OMI+阳离子的脱附。（3）离子液体 BMIPF6在 Pt(100)电极双层区的吸
附结构为 worm-like 结构，由于 OMIPF6与 BMIPF6相比具有较长的烷基侧链，



















2、对比研究了两种离子液体 EMMITFSI 和 EMITFSI 与 Au(111)单晶形成的
界面在电化学双层区吸附行为以及电位依赖性。主要结论包括：（1）离子液体
EMMITFSI 中在特定电位下出现尖锐的电流峰，而在离子液体 EMITFSI 中双层
区无明显的电流峰出现。（2）STM 研究发现，在 EMMITFSI 中表面会经历从初
始的平整干净状逐渐出现吸附物，直至最终形成单层无序吸附物的过程。而在
EMITFSI 中表面为蠕虫状吸附，并稳定保持于整个正电位区间。较负电位下，
在 EMMITFSI 中 Au 表面形成 EMMITFSI 分子膜吸附层。在 EMITFSI 中则出现












电流的迅速变化。（2）离子液体 EMMITFSI 在 Pt(100)表面出现了阴离子有序吸
附，但稳定性弱于 OMI+吸附结构。说明此种离子液体与 Pt(100)表面的作用力弱
于离子液体 OMIPF6与 Pt 表面作用力。（3）在正电位区间，Au(111)/EMMITFSI
体系中的阴离子吸附物为无序致密的颗粒状，与 Pt(100)表面观察到的有序吸附
结构不同。较负电位下 Au 表面会形成分子膜，而在 Pt 上直接发生阳离子分解反
应，反应之后表面会随着电位变化而恢复初始状态。另外，两种离子液体在 Pt
表面都没有发生类似Au表面的刻蚀现象，说明Au表面更容易被离子液体刻蚀，



















The “electrode/electrolyte” interface is the location of electrochemical reactions, 
and the fundamental research on its structure and property plays an important role in 
electrochemical field. Room-temperature ionic liquid, totally composed of 
asymmetric cations and anions, has advantages in various fields because of wide 
electrochemical windows, low vapor pressure, good conductivity and other designable 
properties. Though ionic liquids have been extensively used in electrodeposition, 
capacitor and electrocatalysis, the studies on “electrode/ionic liquids” interfaces are 
still on their initial stage. Moreover, most of the studies employed polycrystalline 
electrode without well-defined structure, which limits the correlation between electric 
double layer structure and kinetics of charge transfer. Well-defined single-crystal 
electrode not only benefits understanding surface electrochemical process, but also 
favors the correlation of experimental and theoretical results. 
By employing in-situ ECSTM, AFM force curve technique, and electrochemical 
methods, various imidazole ionic liquids adsorption behaviors on different 
lattice-arrangement crystal and their potential dependency have been systematically 
studied. The results are outlined as follows: 
1. In the system of “Pt(100)/OMIPF6”, investigation on how electric double layer 
changes with potential has been carried out from the aspects of ionic liquid adsorption. 
While comparing with the result in ionic liquid BMIPF6, it is found: (1) The OMI+ 
forms ordered structure on the surface, which exists steady within potential range of 
about 1.2 V. The OMI+ adsorption structure on Pt (100) surface is given. (2) 0.6 V can 
be considered as critical potential at which cations are displaced by anions. This 
demonstrates that chemical interaction between OMIPF6 and Pt(100) surface can only 
be overcome at much positive potential to make OMI+ desorb from surface. (3) The 
BMI+ forms worm-like structure on the surface. Owing to the long alkyl chain length, 
OMI+ can interact strongly with Pt to form ordered structure. Because the ordered 
structure covers the surface, the corrosion from ionic liquid can be suppressed. 
Therefore, it can be inferred that the chemical interaction is an important factor that 
influences the structure of Pt(100)/ OMIPF6. 
2. A comparative study on the electric double layer and the potential dependence 
















following conclusions can be drawn: (1) In EMMITFSI, two pairs of sharp peaks 
appear which remain steady within specific potential region. The peaks were not 
observed in EMITFSI. (2) STM experiments indicate that the electrode surface 
experience the process that from the initial flat clean without adsorption to the 
appearance of adsorption structure, eventually full of single-layer adsorption. While in 
EMITFSI, the worm-like structure exists with the whole potential region more 
positive than PZC. (3) AFM force curve reveals layering structure in EMMITFSI can 
exist within potential range more positive than that in EMITFSI, indicating the special 
interaction between cations and anions in EMMITFSI. Besides, the thickness of layer 
structure presents various change, and feature peak and valley coincide with those of 
CV. The above infers the peaks relate to the layer structures to some degree. Hence, it 
can be concluded that the special EMMI+ structure leads to strong interaction between 
ions and electrode which makes the peaks appear. 
3. The structure of the electric double layer relates to both of electrode and 
solution. Investigation on “Pt(100)/EMMITFSI” system contributes to understand the 
structure deeply by comparing with the interface investigated above. The following 
conclusions can be drawn: (1) The characteristic peaks cannot be observed since the 
interaction between ions and Pt are not as strong as that of Au(111). (2) The ordered 
structure is composed of anions, which is different from that of OMI+, concerning the 
smaller cation and special structure. (3) Severe etching doesn’t occur on Pt, which can 
be attributed to the stronger interaction between Au and ionic liquid to a certain 
extent. 
 




























































§ 1.1 “电极/溶液”界面双电层研究概况 
§ 1.1.1 界面双电层及其研究方法 


















§ 1.1.2 “电极/水溶液”体系双电层理论概况 
（1）“平板电容器”模型 
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